and, p, u, v, w, e, and p denote density, x-, y-, and z-components of velocity, total energy per unit mass, and pressure. Corresponding to the "left" and "right"
states, define local "directional" Much numbers as
The inviscid flux through a unit area of the cell face is then computed as a function of UL, UR, and _ as
F(UL, UR) = F + + F-
where
if MR >_ 1; Fig. 3 , whereas contours of axial velocity components are shown in Fig. 4 . As Fig.   3 
Pin in a High Aspect Ratio Channel
The second solution to be presented is for a flow around a cylindrical pin extending between the two main walls in a high aspect ratio channel. The height of the channel (length of the pin) was taken to be equal to the diameter of the pin, and the width of the channel was 16 times the diameter of the pin. Figure  1 shows the grid system in one plane of the channel. The 3-D grid system was generated by stacking the 2-D grids. A total of 33 planes were used from one wall to the symmetry plane of the channel. The multiblock grid system consists of a total of 12 blocks, with 33 x 33 x 33 grid points in the four blocks in the comers of the geometry (See Figure 1) and 17 x 33x 33 points in the remaining blocks.
The coordinate system is oriented such that the x-coordinate is parallel to the main flow direction, the y-coordinate is from side wall to side wall, and the z-coordinate is from the floor to the symmetry plane. Fig. 8) . Together, the figures show the horse-shoe vortex that forms in the corner between the pin and the wall. Figure 7 shows the vortex that is created in front of the pin in the corner between the channel and the pin due to the down-wash from the mid plane of the channel towards the channel floor. Figure 8 shows that 90°below the forward stagnation pointl the strength and size of the recirculation has increased.
Flow in radial turbine coolant uassage
The last solution to be presented is for a flow of air through a coolant passage inside a turbine blade of a radial-inflow turbine. The geometry of the coolant passage is shown in Fig. 9 . As the figure indicates, the geometry of the passage is complicated, with important small-scale features such as the pins that extend from wall to wall in the passage. The grid system used in the computations of the flow in the passage is shown in Fig. 10. Fig. 10a indicate a block boundary in the multiblock grid. A total of 6 blocks were used with a total of 97,440 grid points. The flow conditions specified correspond to inflow stagnation pressure and temperature of 1.6 bar and 300K respectively, and with the back pressure at the outflow boundary specified at 0.65 times the inflow stagnation pressure.
Since the smoothness and resolution of the grid system is substantially inadequate for accurate computations, only preliminary computations were done using first order upwind differencing for the convection terms of the governing equations. However, a grid refinement study for the first block of the coolant passage grid system confirms that the qualitative features of the flow in the present calcuation are correct.
Figures 11 and 12 show the computed flow field in the radial turbine coolant passage. Figure  11 shows the Mazh number in the channel in a surface midway between the main blade surfaces. As the figure shows, the Mach number in the channel reaches about unity near the 180°turn in the channel.
In the latter half of the channel--i.e., after the sudden expansion where In that study, second-order upwinding was used.
The fact that the current AUSM scheme predicts separation, even with first-order upwinding, is an indication of the superiority of the scheme over the older FVS schemes.
Work is currently in progress on generating new solutions on finer grid systems for the coolant passage shown in Fig. 9 . 
Conclusions
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